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I n  order  t o  i n v e s t i g a t e  the  mechanisms by which 
wi th  a 14cm x 14cm x-y pos i t ion - sens i t ive  mul t iwire  
p ropor t iona l  cou in te r  and a 0.6cm x 5.0cm x-posit ion- 
s e n s i t i v e  s i l i c o n  de tec to r .  Coincident l i g h t  i ons  were 
measured with four  movable silicon-AE/NaI-E t e l e scopes  
which covered the  angular  range from 9 t o  150 deg i n  
t h e  l abora to ry  system. 
The i n c l u s i v e  f i s s i o n - f i s s i o n  angular  c o r r e l a t i o n  
measurements y ie lded a broad range of l i n e a r  momentum 
t r a n s f e r s ,  wi th  the  average value  <p 11>=840 MeV/c. This 
corresponds t o  a per  nucleon value  of <pll>/A=140 MeV/c, 
i n  good agreement with the  maximum values  of <p lI>/A f o r  
heavy ions  up t o  40Ar .  
The angular  d i s t r i b u t i o n s  of t he  p, d, t and 4 ~ e  
i o n s  i n  coincidence with angle  c o r r e l a t e d  f i s s i o n  
fragments s p e c t r a  a r e  s t rong ly  forward-peaked. At 
forward angles  more than hal f  l i gh t - ion  y i e l d  is i n  the  
form of 4 ~ e  ions ,  whereas a t  angles  l a r g e r  than 30 
degrees ,  protons dominate the  spectrum. The 
small-angle behavior appears t o  be r e l a t e d  t o  the  
incomplete l i n e a r  momentum t r a n s f e r  processes  proceed 
i n  complex nucleus r eac t ions ,  l i g h t  i ons  i n  coincidence 
wi th  angle-corre la ted  f i s s i o n  fragments have been 
measured f o r  the  6 ~ i + 2 3 8 ~  r e a c t i o n  a t  E/A=25 MeV. The 
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Figure  1. Energy s p e c t r a  of p, d, t and 4 ~ e  ions  
observed a t  an  angle  of 9 deg. i n  coincidence with 
f i s s i o n  fragments produced i n  the  r e a c t i o n  of E/A=25 
MeV 6 ~ i  with 2 3 8 ~ .  
The proton dominance a t  l a r g e r  angles  most 
probably i s  accounted f o r  i n  terms of more complex 
i n t e r a c t i o n s .  Two f e a t u r e s  of t he  proton coincidence 
d a t a  s tand out.  F i r s t ,  t he  beam v e l o c i t y  component i n  
the  proton gated fo ld ing  angle  spectrum, c l e a r l y  shows 
two peaks a t  forward angles ,  one corresponding t o  
cap tu re  of 4 ~ e  and 5 ~ e  ions  and the  o t h e r  t o  ~ u c h  
lower momentum t r a n s f e r s .  I n  most cases  the  
observat ion of protons  impl ies  a subsequent breakup of 
the  uncaptured res idue.  Second, t he  most e n e r g e t i c  
loosely-bound a-d s t r u c t u r e  of 6 ~ i ,  s i n c e  i t  is  noted protons  appear t o  he  a s soc ia t ed  with high momentum 
t h a t  t he  d y i e l d s  a r e  a l s o  q u i t e  l a r g e  a t  forward t r a n s f e r  sources.  At forward angles  these  correspond 
ang les  and the  energy s p e c t r a  of both a r e  found t o  be t o  processes  ranging between 4 ~ e ,  5 ~ e  cap tu re  and 
peaked near the beam v e l o c i t y  (Fig-  1). complete fus ion- l ike  events.  Beam v e l o c i t y  protons  may 
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be produced by e l a s t i c ,  i n e l a s t i c  o r  abso rb t ive  breakup 
channels  ( i .e .  t h e  a-tp-tn channel) o r  by neutron 
t r a n s f e r  followed by 5 ~ i  breakup i n t o  a+p. I n  Fig. 2 
t h e  co inc iden t  proton spectrum a t  150° is  shown, 
i n d i c a t i n g  a h ighly  e n e r g e t i c  component we l l  i n  excess  
of t he  expected evaporat ion spectrum. S imi l a r  r e s u l t s  
have been repor ted  by Vigdor e t  a1 . l  u s ing  75-MeV 6 ~ i  
ions .  At backward angles  the  e n e r g e t i c  protons  a r i s e  
from events  t h a t  a r e  c l e a r l y  fus ion- l ike .  These 
p a r t i c l e s  most l i k e l y  have t h e i r  o r i g i n  i n  non- 
equ i l ib r ium c e n t r a l  c o l l i s i o n  processes ,  but t he  
mechanism i s  not  r e a d i l y  explained. 
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Figure  2. Energy spectrum of protons  observed a t  150' 
i n  coincidence with f i s s i o n  fragments with pll>pbeam i n  
r e a c t i o n  of E/A=25-MeV 6 ~ i  ions  with 2 3 8 ~ .  
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The formation of l i g h t  mass fragments with A)6 spec t r a .  Green, Korte l ing and ~ a c k s o n ~  have s tud ied  
produced i n  i n t e r a c t i o n s  of protons  with a v a r i e t y  of t he  r e a c t i o n  Ag(p,IMF)X a t  ene rg ie s  of 210-480 MeV, 
l i g h t  t o  heavy t a r g e t  elements i s  of much i n t e r e s t  due where IMF r e f e r  t o  in t e rmed ia t e  mass fragments. They 
t o  the  unce r t a in ty  of t he  r e a c t i o n  mechanism. Recent found t h a t  t he  fragment s p e c t r a  were l i t t l e  a f f e c t e d  
s t u d i e s  a t  I U C F ~  and TRIUMF~ have been i n v e s t i g a t i n g  (except i n  o v e r a l l  magnitude) with changes i n  the  
product ion of l i g h t  elements with in t e rmed ia t e  energy i n c i d e n t  proton energy. Furthermore, a major f r a c t i o n  
proton r e a c t i o n s  on t a r g e t s  of A l ,  S i  and Ag of the  IMF y i e l d  (> 75% f o r  Li and > 98% f o r  Oxygen) 
r e spec t ive ly .  These counter  s t u d i e s  have obta ined high was non-evaporative and could be descr ibed i n  terms of 
q u a l i t y  d i f f e r e n t i a l  c r o s s  s e c t i o n  d a t a  and energy an i s o t r o p i c  emission process i n  the  r e s t  frame of the  
